Objective: Excess body weight is related to significant morbidity and mortality. However, less is known about the relationship of body weight to health-related quality of life (HRQOL), especially for Asian populations. We examined the relationship of excess weight and HRQOL in a general population sample from Taiwan. Research methods and procedures: This cross-sectional study used a national representative sample (n ¼ 14 221) from the 2001 Taiwan National Health Interview Survey. Body weight was categorized using body mass index (BMI in kg/m 2 ) as normal (18.5-24.9), overweight (25-29.9), and obese (X30). HRQOL was measured using the Taiwan version of the SF-36. We compared the body weight-HRQOL relationships by age, gender, and status of chronic condition, respectively. We especially used the Generalized Estimating Equations (GEE) to examine the relationships of BMI and HRQOL by taking into account the correlations of HRQOL within households. Four models were developed to adjust sequentially for sets of covariates: Model 1 with no adjustment; Model 2 adjusting for sociodemographic variables; Model 3 adding chronic conditions; Model 4 further adding smoking status. Results: Unadjusted physical HRQOL was best for normal weight, worse for overweight, and worst for obese individuals. For unadjusted mental HRQOL, overweight subjects had at least as good mental domain scores of HRQOL as those with normal weight or obesity, depending on the subscales. As age increased, excess weight was associated with worse physical, but not mental HRQOL. Compared to men, women with excess weight showed a greater deficit in physical HRQOL. Multivariable analyses suggested that obesity was associated with worse physical HRQOL compared to overweight, which, in turn, was worse or comparable to normal weight. Specifically, in the model adjusting for demographic variables, the deficit in physical functioning and physical component scores for the obese vs normal weight were statistical significant (Po0.05) and clinically important difference (effect size X0.3). Both obesity and overweight were associated with higher mental component scores than normal weight, but the effect size was o0.3. Conclusion: In Taiwan, excess weight was related to worse physical, but not mental HRQOL. The lack of impact of increased body weight on mental health status presents a potential challenge to preventing the increases in obesity. More research is needed to elucidate the mechanisms by which excess weight affects specific domains of HRQOL, and to develop effective prevention strategies.
Introduction
Overweight and obesity have become significant public health concerns in Western countries. [1] [2] [3] For example, in the US in 1999-2002, the age-adjusted prevalence of overweight and obesity among adults were 35 and 30%, respectively. 1 Other industrialized countries, including
Taiwan, are beginning to experience an epidemic of excess body weight as peoples' lifestyles and diet became more While the links of excess body weight to increased risk of morbidity and mortality are well established, there are few published references regarding the influence of excess weight on health-related quality of life (HRQOL). HRQOL is increasingly regarded as an important measure of the impact of disease and treatment. Although there is evidence that overweight and obesity are related to decrements in physical domains of HRQOL such as physical functioning and pain, [12] [13] [14] [15] [16] [17] findings are mixed regarding association with mental domains of HRQOL. Some studies have suggested that obesity is associated with impaired mental HRQOL. [18] [19] [20] [21] [22] However, other studies do not support this association, 14, 15, 17, 23, 24 and a few have even reported better mental health among people with excess body weight. [25] [26] [27] [28] The discordant results from these studies may be due in part to methodological limitations. Most studies have examined patients seeking treatment for obesity, who tend to have more impaired HRQOL and more disturbances, such as eating disorders than those not seeking treatment. [29] [30] [31] [32] There are also questions regarding the role of age and gender in the relationship to excess weight and HRQOL. Most studies have demonstrated worse HRQOL for obese women compared to obese men 17, 20, 24, 31, 33 on both physical 33 and psychosocial domains 17, 34, 35 of HRQOL, although some have not found these differences. 18 Different studies have variously suggested poorer HRQOL for the elderly with excess weight vs non-elderly, 36 better (mental), 27 or equivalent HRQOL. 37 For both age and gender, most studies have been restricted to specific subgroups, such as the nonelderly, 14, 18, 19, 24, 38, 39 elderly, 17, 28, 40, 41 men only, 17 or women only. 37, 42, 43 It is also worth noting that most of the studies have been conducted in people with white, black, or Hispanic ethnicity. 44 There are few studies investigating whether the influence of body weight on HRQOL is similar in Western and Eastern populations. It is conceivable that value systems in different cultures could determine perceptions of desirable body weight, body image, and HRQOL. 45 Therefore, it would be informative to have data from Eastern population samples of men and women across a broad age range. We examined the relationship between body weight and HRQOL using a representative sample of the population in Taiwan. We were particularly interested in comparing associations stratified by age and gender. Based on studies of Western populations, we hypothesized that excess weight would be more significantly associated with physical domains than with mental domain of HRQOL. 14, 15, 17, 20, 23, 24 A better understanding of the influence of body weight and HRQOL could help health practitioners to provide counseling on the consequences of obesity and help policy makers direct public health messages.
Materials and methods
Sample and data collection Data were from the 2001 Taiwan National Health Interview Survey (NHIS), which included a sample of 22 121 subjects, representative of the non-institutionalized population. The primary purpose of the NHIS was to understand the general health of civilian residents in Taiwan. The sampling and measurement procedures have been described. 46 Briefly, NHIS data were collected using a standardized face-to-face interview survey. A multistage stratified sampling scheme was used to select a probability sample. In the first stage, 359 townships/districts of Taiwan were divided into seven strata according to their geographical location and degree of urbanization. Townships/districts in each stratum were chosen with selection probability proportional to their population sizes (PPS). In each selected township/district, lins (i.e., the smallest administrative unit in Taiwan) were chosen with PPS. Four households were selected at random from each selected lin. All members of the selected households were interviewed. The response rate was 91% for households and 94% for individual subjects.
BMI categorization
In this study, weight and height were collected using individual self-report. Body weight was categorized using BMI (kg/m 2 ) with underweight defined as BMIo18. 50 The effect size approach can better express how important a change is with respect to the typical variation found in the population under study.
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Effect size is defined as the difference in HRQOL subscale scores between two BMI categories (e.g., overweight vs normal weight) divided by the standard deviation of the lower BMI category (i.e., normal weight). In this study, we interpreted the results based on statistical significance (Po0.05) as well as MCID defined as effect size X0.3.
Statistical analyses
For studying the relationship of body weight and HRQOL, we sequentially excluded subjects with age below 18 years (n ¼ 5973), pregnant women with age equal or above 18 years (n ¼ 364), and those with missing data for self-reported either weight or height (n ¼ 1563). The analytic sample included 14 221 subjects. Subsequent analyses assume that possible heterogeneity resulting from multiple levels of sampling after conditioning on sociodemographic variables (see below, Model 2) is mostly accounted for by expressing the heterogeneity across households. After summarizing the distributions of patient characteristics, we examined bivariate relationships of body weight and HRQOL stratified by age (18-44.9, 45-64.9 , and 65 years and over), gender, and status of chronic condition, respectively. The differences in SF-36 subscale scores across BMI weight categories were tested using the Generalized Estimating Equations (GEE) which can take into account the correlation of HRQOL scores within households. 52 
Results
Characteristics of subjects Table 1 shows the characteristics of study subjects (n ¼ 14 221 ). All of these subject characteristics were not equally distributed among BMI categories (Po0.05). For example, people with excess weight tended to have lower educational attainment and more chronic conditions than normal weight or underweight. Figure 1 shows the relationships of body weight and SF-36 scores by BMI strata. Overall, there was a small but discernible pattern in the relationship between body weight and HRQOL. For physical domains, subjects with normal weight had higher HRQOL than those with overweight, followed by those with obesity. Underweight subjects had similar or lower physical HRQOL relative to normal weight subjects. In contrast, overweight subjects had at least as good mental domain scores of HRQOL as those with normal weight or obesity, depending on the subscales. Underweight subjects had more impaired mental HRQOL than other BMI groups. However, among these pair-wise comparisons, only the score differences in physical functioning subscale for overweight vs underweight and for overweight vs normal weight were X5 points. In the remaining analyses, we excluded underweight individuals since we believe that different mechanisms influence the relationships of excess body weight vs underweight with HRQOL. The reasons the underweight can fare poorly compared to the other groups are likely related to the burden of being underweight and to related conditions, as opposed to advantages of being overweight.
Relationship of BMI and HRQOL

Relationship of BMI and HRQOL stratified by age
The relationship of BMI and HRQOL varied across age strata (Table 2 ). For ages 18-45 years, obese subjects had lower scores in all physical domains and some mental domains of HRQOL than those with normal weight and overweight, particularly for physical functioning, general health perceptions, and social functioning (Po0.05). However, only the effect size for the physical functioning was X0.3, suggesting Excess body weight and HRQOL I-C Huang et al a clinically important difference. In contrast, obese and overweight subjects had slightly higher scores in some mental health domains than the normal weight, with a magnitude that was less than the MCID. For ages 45-65 years, obese subjects tended to have lower scores in all physical domains and some mental domains of HRQOL than those of normal weight and overweight, particularly for physical functioning, bodily pain, and general health perceptions (Po0.05). However, as with those of age of 45-65 years, only the effect size for physical functioning was X0.3. For ages 65 years and over, obese subjects tended to have lower scores for all physical and mental domains (except mental health subscale) of HRQOL than those of normal weight and overweight. The score differences in physical domains were generally greater than 5 points with effect sizes X0.3, particularly for physical role limitations, bodily pain, and general health perceptions. Overweight elders tended to have better mental domain scores compared to normal weight elderly, but P40.05 and effect sizes were less than o0.3.
Examining the relationships of BMI to summary scores, obese subjects had lower PCS scores compared to normal weight and overweight groups across all age strata (all with Po0.05 and effect sizes X0.3). As age increased, the obese subjects had more impaired PCS, but not MCS, compared to those who were overweight and normal weight. For example, the obese elderly had a PCS score of 35, which is much lower than the rest of subjects, but an MCS score of 51, which is comparable to that of the other groups. Sample size: UW (n ¼ 1042); NW (n ¼ 9420); OW (n ¼ 3193); OB (n ¼ 566); 3 PF: physical functioning; RP: role limitations because of physical health problems; BP: bodily pain; GH: general health perceptions; VT: vitality; SF: social functioning; RE: role limitations because of emotional problems; MH: mental health; *Score differences across all BMI categories with a Po0.05; **Score difference between any two BMI categories X5 points is regarded as the clinical significance.
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Relationship of BMI and HRQOL stratified by gender The relationship of BMI to HRQOL differed by gender (Table 3 ). For males, the obese were impaired in some physical domains (e.g., physical functioning and general health perceptions) but not mental domains, compared to the normal weight and the overweight. Overweight males tended to have better mental domain scores (e.g., vitality, social functioning, and mental health) compared to normal weight males (Po0.05) although the differences were small and the effect sizes were less than 0.3. For female subjects, the obese were more impaired in all physical and some mental domains of HRQOL (e.g., social functioning) than those with normal weight (Po0.05). The effect sizes of these differences for all physical domains were X0.3. Overweight female subjects were worse than normal weight female subjects in all physical domains and mental domains of HRQOL (except the mental health subscale) (Po0.05), but only the physical functioning subscale had an effect size X0.3.
Examining the relationship of BMI to summary scores, obese subjects had lower PCS than those with normal weight and overweight for both genders. However, for female subjects only was the effect size X0.3 for PCS between those with excess body weight vs normal weight. By contrast, the relationship between body weight and MCS was similar in both genders.
The relationship between BMI and HRQOL stratified by status of chronic condition The relationship of BMI to HRQOL also differed by chronic condition (Table 4) . For healthy subjects, the scores in Difference in scores between categories with a P-value o0.05. PF, physical functioning; RP, role limitations due to physical health problems; BP, bodily pain; GH, general health perceptions; VT, vitality; SF, social functioning ; RE, role limitations because of emotional problems; MH, mental health; PCS, physical component score; MCS, mental component score.
Excess body weight and HRQOL
I-C Huang et al physical and mental domains did not differ across three BMI strata, except for the physical functioning subscale where obese subjects had worse scores compared to normal weight subjects (Po0.05 and effect size X0.3). By contrast, for subjects with chronic conditions, excess body weight tended to relate to lower scores in physical domains, but higher scores in mental domains, compared to normal weight. However, the effect sizes for these comparisons were less than 0.3. Examining the summary scores, for both healthy and chronically ill subjects, PCS scores were highest for people with normal weight, worse for overweight, and worst for obesity. By contrast, MCS scores were worse for people with normal weight compared to those with excess body weight. However, the effect sizes for these PCS and MCS pair-wise comparisons were less than 0.3.
The relationship between BMI and HRQOL after covariate adjustment Table 5 shows the relationship between BMI and HRQOL after adjusting for sets of covariates in multivariable analyses. The cell numbers are the differences between the group in that column and the normal weight (reference) group. Model 2, adjusting for sociodemographic variables, suggests that obese people had lower scores on all physical domains of HRQOL than overweight people, followed by normal weight. However, the effect sizes among these differences were less than 0.3, except for the physical functioning subscale and physical component scale for obesity vs normal weight. For mental domains, obese people were impaired in subscales of vitality, social functioning, and role limitation due to emotional problems relative to those with normal weight and overweight. By contrast, mental health subscale scores of excess weight people were better than those of normal weight. However, the effect sizes for these differences were less than 0.3.
After adjusting for the number of chronic conditions (Model 3), and smoking status (Model 4), the obese appeared to be impaired only on the physical functioning subscale vs overweight, followed by normal weight. For mental domains of HRQOL, obese people had better mental health subscale scores than the overweight, followed by people with normal weight (Po0.05), although this could be due to overadjustment if chronic conditions are more a result than a cause of obesity. However, the effect sizes for these differences were less than 0.3, suggesting little clinical significance.
Examining PCS and MCS, the obese had lower physical HRQOL scores than the overweight, followed by the normal weight, particularly in Models 1 and 2. Although obese people had higher mental HRQOL scores than the overweight, who were higher than those of normal weight Excess body weight and HRQOL I-C Huang et al (Po0.05 in Model 3 and 4), the effect sizes were less than 0.03.
Finally, we tested for whether the effects of body weight on HRQOL domains differed by specific age or gender groups, but the age-BMI or gender-BMI interactions were not statistically significant in the multivariable models.
Discussion
Despite ample evidence that excess body weight increases morbidity and mortality, the effect of excess weight on quality of life has received less study. HRQOL is especially useful as an outcome measure in studies of chronic Difference in scores between categories with a P-value o0.05. PF, physical functioning; RP, role limitations due to physical health problems; BP, bodily pain; GH, general health perceptions; VT, vitality; SF, social functioning ; RE, role limitations because of emotional problems; MH, mental health; PCS, physical component score; MCS, mental component score. Excess body weight and HRQOL I-C Huang et al conditions, such as obesity, where a primary goal of treatment is to help people feel better in their daily lives and ultimately to improve functioning and well-being. 54 To our knowledge, this study using Taiwan as an example is the first to examine the relationship of excess weight and HRQOL in a general Asian population. Alongside statistical significance, in this study, we used effect size X0.3 as a criterion to help determine whether the differences in scores between subjects were clinically important. This allows us to have greater confidence in interpreting the results. Consistent with most previous studies, we found that the burden of excess body weight was greater for physical domains of HRQOL than for mental domains. 14, 15, 17, 20, 23, 24 However, in contrast to some Western evidence, where overweight and obese people were impaired in mental domains of HRQOL, [18] [19] [20] [21] [22] results from
Taiwan suggest that the mental HRQOL of overweight and obese people was at least as good as those of normal weight.
In this study, we tested four different models in attempts to adjust for other variables that might have effects on the relationships of body weight and HRQOL. However, determining the most appropriate model depends on the role that CDs play on this relationship. If CDs tend to result from excess weight (i.e., CDs are mediating variables for HRQOL outcomes), then adjusting for sociodemographic variables alone (Model 2) may be appropriate. On the other hand, if CDs generally cause people to gain excess weight (i.e., CDs are confounders), then adjusting for both sociodemographic variables and chronic conditions would be appropriate. When we adjusted for the numbers of CDs in multivariable analyses (Models 3 and 4 in Table 4 ), excess weight had a beneficial association with some physical and all mental HRQOL. This seems implausible, despite having also been observed by Doll et al. 38 Thus, although several previous analyses associating BMI and HRQOL adjusted for chronic conditions, 17, 23, 24, 37, 55 our Model 2 represents a more conservative representation of the relationship. When we examined the relationship of body weight and HRQOL for different age groups, we found greater weightrelated impairment of physical HRQOL for elders than for younger adults. Mental domains of HRQOL did not differ substantially across either age or BMI groups. There are two possible explanations for these findings. First, elders with excess weight are more likely than normal weight elders to suffer from CDs whose prevalence increases with age, such as ischemic heart disease and osteoarthritis. These conditions may translate into impaired physical health. Second, elders may have less physiologic reserve or ability to compensate for the added demands of having excess weight than younger people.
Similar to some previous studies, we found that excess body weight was more strongly related to impaired HRQOL for women than for men for all domains of physical HRQOL and social functioning within mental HRQOL. 33, 41 This could be explained in part by greater susceptibility in women to distress related to body image. 35, 56, 57 Greater discrimination against women with excess weight in workplace might explain some of the relation of being obesity to role limitations. However, we do not have an adequate explanation of the differential impact of excess weight on physical health. More research is needed to elucidate the gender differences in the relationships of body weight with HRQOL. The non-negative impact of increased BMI on mental HRQOL in our population could also be explained by socialcultural differences between East and West. Culture shapes peoples' values, attitudes, beliefs, and perceptions about their own body weight relative to others. 45 Despite the enthusiastic promotion of slim body size by the media, in many cultures moderate overweight is still valued as a symbol of normality, beauty, prosperity, good health, optimism, and alimentary happiness. 58, 59 In many Asian countries, excess weight in middle age is equated with power and good fortune because wealthy people can afford to eat more. 28 Empirical data from Taiwan suggest that individuals begin to be aware of the harmful health consequences of obesity only when they are extremely overweight. 60 These studies suggest that the neutral impact of excess body weight on mental HRQOL might be, in part, because of the culturebound nature of mental health. 61 Our study had some limitations. Since the study was crosssectional, we cannot make causal inferences about relationships between excess weight and HRQOL. For example, we cannot rule out the possibility that HRQOL might induce changes in lifestyles, which in turn lead to weight gain. Some longitudinal findings on BMI measured in midlife and HRQOL in older age do support a relationship of increasing BMI with impairment of physical domains as well as social and mental domains of HRQOL. 22 Second, weight and height were self-reported, possibly leading to underestimates of weight, overestimates of height, and underestimates of overall of BMI. 62 We did not find evidence regarding the relationship of self-reported and measured weight in the Taiwan population. However, Western evidence suggests that self-reported and direct measurement of weight has been shown to be highly correlated. 33 Third, the generic HRQOL instruments used to study the excess body weight may be less sensitive than condition-specific instruments. Obesityspecific instruments (e.g., HSP, 63 IWQOL, 64 OP, 57 
) may capture specific experiences perceived by obese individuals, such as social discomfort when swimming in public or shopping for clothes, discrimination when applying for a job, or quality of sexual life. 15, 34, 35, 65 Finally, the data available for this study did not include some variables that may be important determinants of the association of body weight and HRQOL, such as binge eating disorder (BED), duration of excess weight, duration and intensity of lifestyle modifications to reduce weight, and weight fluctuation. Morbidly obese patients with BED showed larger impairments in mental HRQOL compared with patients without BED, 66 and it would be interesting to address the extent to which such a disorder can explain the Excess body weight and HRQOL I-C Huang et al association of body weight and HRQOL. Subjects with a history of stable weight usually reported significantly higher general well-being, better mental health, greater self-efficacy, and lower stress than subjects with a history of fluctuating weight. 67 Examining these factors may help to clarify the relationship of excess weight and HRQOL.
Conclusions
We examined the relationship between self-reported BMI and HRQOL in a large general population sample in Taiwan. Similar to studies in Western populations, our results suggested that overweight and obesity are related to decreased physical HRQOL. However, excess weight had a neutral impact on mental HRQOL. The lack of significant influence of increased body weight on mental HRQOL may have important public health implications. In the context of shifting dietary patterns in Asia, 3, 4, 6, 68 perceived benefits of overweight may make it be more difficult for countries to resist the impending epidemic of obesity. Taken together with the increasing prevalence of excess weight in Taiwan and other countries in Asia, these finding suggest that culture-specific efforts will be needed to combat the looming epidemic of obesity. Public health agencies and clinicians may want to emphasize adverse effects on domains of physical functioning, and begin to set goals and tailorspecific public health interventions, such as diet control and weight reduction programs, to reduce the negative impacts of excess body weight.
